Pro-and anti-saccades made to either onset or offset targets were examined to determine which of (1) changes in luminance or (2) the appearance of new peripheral objects, is more important in the reflexive generation of pro-saccades. In two experiments, prosaccades had faster reaction times than did anti-saccades, but the difference was much greater for onset targets than offset targets (both with white targets on black backgrounds and black targets on white backgrounds). These findings suggest that there is a continuum of ''prepotentness'' in the oculomotor system with new peripheral objects being especially effective in generating reflexive pro-saccades.
Introduction
Over the course of each day, our successful interaction with the environment requires a wide variety of behaviors. Many of these behaviors are under considerable voluntary control, allowing us considerable flexibility in the actions we produce. Indeed, much of our conscious awareness is tied into our ability to produce volitional movements; we choose which direction to walk, which cup to pick up, and at which ball to swing the bat. Moreover, many actions under volitional control perform so efficiently that it is difficult to describe their operation, for instance, actions such as riding a bicycle, walking, and grasping. Although it is difficult to tell someone how we ride a bike, such behaviors are clearly under some degree of volitional control because we can start and stop them with relative ease. Other behaviors, however, seem to fall beyond the range of volitional control--they tend to be automatically elicited by stimuli in the environment and are relatively resistant to mediation once initiated. Often termed ''prepotent'' responses, these involuntary behaviors are often thought to be instances of adaptive evolution which serve a defensive function, reacting quickly to sudden (and potentially dangerous) changes in the environment (e.g., startle reflexes, eye blinks). The prepotent responses of interest in the present paper is the programming of saccadic eye movements.
Saccades are among the fastest overt actions produced by the human body, both in terms of the time required to initiate the movement (saccadic reaction time, SRT) and the rate at which the movement is completed (saccade duration, peak velocity). Moreover, there is considerable evidence that saccades are automatically elicited at the abrupt onset of a new object in the peripheral visual field. This evidence comes from a comparison of two different experiment tasks: participants are asked to perform pro-saccades or anti-saccades. On the one hand, the pro-saccade task attempts to invoke the prepotent characteristic of the oculomotor system by requiring participants to make a saccade, as quickly as possible, to the location of an abrupt onset peripheral target. Participants in pro-saccade tasks typically show very fast SRTs (<200 ms) and make virtually no direction errors (i.e., saccades go directly to the target). On the other hand, the anti-saccade task involves the inhibition of the prepotent pro-saccade response by requiring participants to make a saccade in the opposite direction, but of the same distance, of the sudden onset target (e.g., Hallett, 1978; Hallett & Adams, 1980) . Participants in anti-saccade tasks typically show much slower SRTs (>250 ms) and make direction errors on 5-15% of the trials (i.e., saccades go to the onset target instead of to the opposite location) (see Everling & Fischer, 1998 ; for a review).
The need to inhibit saccades to a visible target appears to account for the bulk of the difference in SRTs between pro-and anti-saccades. When Olk and Kingstone (2003) induced oculomotor inhibition to pro-saccades by requiring subjects to examine the peripheral target before initiating eye movements, the difference in SRTs of the two saccades types was greatly reduced. Using monkeys in a similar paradigm, Sato and Schall (2003) found that 2/3 of the neurons in the frontal eye field (FEF) selected the peripheral visual cue (Type I neurons) while the remaining 1/3 selected the saccade endpoint location (Type II neurons). They found that the difference in the time of endpoint selection by the Type II neurons between pro-and anti-saccade tasks largely accounted for the SRT differences. Along the same lines, Schlag-Rey, Amador, Sanchez, and Schlag (1997) , also using monkeys, noted more activity in the visual and motor neurons of the supplementary eye field (SEF) in anti-saccade tasks and suggested that this represented top-down control over making reflexive saccades to the visible peripheral target.
One commonality exists across the various studies examining pro-and anti-saccades; the target used typically consists of the sudden appearance of a bright stimulus presented on a dark background (e.g., Amador, Schlag-Rey, & Schlag, 1998; Fischer & Weber, 1992; Krappmann, 1998; Olk & Kingstone, 2003; Sato & Schall, 2003; Stuyven, Van der Goten, Vandierendonck, Claeys, & Crevits, 2000) . We take two factors to be involved with such targets: (1) there is a large increase in luminance in the periphery, and (2) there is the perception of a new object suddenly appearing in the visual field. It is unclear which factor is critical in the production of prepotent pro-saccades or if both factors must be present. However, there is evidence from studies examining the capture of attention that reflexive shifts of attention occur when new objects appear even when those objects are not accompanied with a corresponding increase in luminance (e.g., Oonk & Abrams, 1998) . Given that the oculomotor system and the attention system share numerous neural structures and behavioral characteristics (Moore & Fallah, 2001; Nobre, Gitelman, Dias, & Mesulam, 2000; Rizzolati, Riggio, Dascola, & Umiltà, 1987) , it is possible that the critical factor in producing the differences between pro-and anti-saccades has to do with the appearance of a new object rather than a change in luminance. This factor is examined in Experiment 1.
Experiment 1
To determine if any salient luminance change in the visual field can generate a prepotent pro-saccade, or if instead the appearance of a new peripheral object plays a special role in producing pro-saccades, the following study was conducted. Two different types of experimental displays were used, with separate groups of participants using each display. In the white-on-black group, white stimuli were presented on a black background. Similar to earlier studies, the onset condition used abrupt onset targets and required participants to make either pro-or anti-saccades. Thus, the onset condition involved an increase in luminance and the appearance of a new object. Unlike previous studies, we also used an offset condition in which an existing object in the periphery suddenly disappeared. Although the absolute value of the change in luminance was the same as in the onset condition, in this condition there was abrupt decrease in luminance as an ''old'' object disappeared. The other group of participants, the black-on-white group, used the same two conditions but with black stimuli presented on a white background. For this group the onset condition involved the appearance of a new object (via a decrease in luminance), and the offset condition involved the disappearance of an old object (via an increase in luminance). In this manner, the combination of all object (appear, disappear) and luminance (increase, decrease) conditions can be examined for both pro-and anti-saccades. These combinations will be termed the white-on-black-onset, white-on-black-offset, black-on-white-onset, and black-on-white-offset conditions.
It is possible to make several predictions regarding saccadic performance in the various conditions and displays. The white-on-black-onset condition provides the baseline measure of pro-and anti-saccade performance. Here we expect to replicate the typical finding of prosaccades showing faster SRTs and fewer errors than anti-saccades. If any salient luminance change in the periphery produces prepotent pro-saccades, then the white-on-black-offset, black-on-white-onset, and blackon-white-offset conditions should all produce similar results to the white-on-black-onset condition as all involve the same absolute change in luminance. If prepotent pro-saccades depend on increases in luminance at peripheral locations, then only the black-on-white-offset condition should produce similar results to the whiteon-black-onset condition because both of these conditions involve the appearance of a bright white target. Finally, if prepotent pro-saccades depend on the appear-ance of new objects, then only the black-on-white-onset condition should produce similar results to the whiteon-black-onset condition as both of these conditions involve the addition of a new object to the visual field.
Methods

Subjects
Twenty-six undergraduate students at the University of Toronto, between 18 and 28 years of age, either volunteered or received course credit for their participation. The subjects had normal or corrected-to-normal vision and were naïve to the purpose of the study. The subjects were randomly assigned to one of two groups (white-onblack or black-on-white).
Apparatus
The experiment was conducted in a dimly lit soundproof acoustic chamber. Subjects were seated directly in front of a computer monitor, with their heads resting in a chin cup located 57 cm from a 19 in. flat-screen CRT.
An Eyelink II (SR Research) high-speed-camera eyemonitoring system was used to track the eyes of the subjects (500 Hz, <0.5°accuracy). The system made use of three head-mounted cameras, two of which were directed at each of the subjectÕs pupils, the third tracking four infrared markers located at each corner of the computer screen to compensate for head movement (which was negligible in these experiments due to the use of the chin-cup). The eye-tracking device was connected to an ÔexperimenterÕ computer located outside the testing room. This computer performed eye-movement analyses, determining saccade end-locations and communicating them via Ethernet to the subject computer to establish trial end-time and whether to sound an error tone. The experimenter computer also made a full recording of each trial for future off-line analysis.
Procedure
Although the experiment was conducted with two separate groups of subjects, the procedures were identical except for the shade of the background and stimuli. In the white-on-black group, white stimuli (RGB 255, 255, 255; 32.0 cd/m 2 ) appeared on a black background (RGB 0, 0, 0; 0 cd/m 2 ). In the black-on-white group, black stimuli appeared on a white background.
Each group of subjects performed four blocks of eighty trials each: (1) pro-saccade onset, (2) pro-saccade offset, (3) anti-saccade onset, and (4) anti-saccade offset. Four block orders were established and assigned to subjects randomly to ensure that each block occurred in each position with equal frequency. On-screen instructions, displayed at the beginning of each block, informed the subject of which task (pro-saccade/anti-saccade) to perform, and whether the target would disappear or appear (onset/offset). In the onset conditions the subject was instructed to, as quickly and accurately as possible, look either at (pro-saccade), or exactly opposite (antisaccade), an abruptly appearing peripheral target. In the offset condition the subject was instructed to, as quickly and accurately as possible, look either at (prosaccade), or exactly opposite (anti-saccade), the location of an abruptly disappearing peripheral target.
The basic sequence of events used in the experiment is shown in Fig. 1 . A centrally located fixation point (filled circle, 0.6°diameter) appeared in all conditions. This point was used by the eye-tracker to perform eye-position drift correction at the commencement of every trial. When a subject was ready to proceed with a trial, he or she was instructed to stare at the fixation point and press a button on an electronic game pad. Upon having performed a successful drift correction (generally on the first attempt) the fixation point changed to a green colour (RGB 0, 255, 0) indicating that the trial had begun. While the initial display in the onset conditions consisted only of a fixation point, the offset conditions also included two peripheral placeholders (filled-circles, 0.6°, located 12°to the left and right of the fixation point).
The target change occurred 600 ms after successful drift correction. In the onset condition, a filled circle The sequence shown is that used by the black-on-white group (black stimuli on white background), with the white-on-black group being the opposite (white stimuli on black background) for both experiments. In the actual trials, the warning signal for the upcoming target was the fixation point changing from black or white to green. See the text for details.
(0.6°) appeared in the opposite color of the background either 12°to the left or right of the fixation point. In the offset condition, one of the existing placeholders was removed by changing it to the same color as the background. The trial ended immediately after the subject completed his or her first saccade. For the on-line analysis of eye movements, saccades were defined as eye-movements with velocities of more than 35°/s that traveled at least 1°. To promote accurate saccades, an error tone (500 Hz tone for 500 ms) was sounded if the first saccadeÕs end location was not within 2.6°of the target end location. The tone would also sound if no eye-movement was made within 1400 ms of the target onset/offset.
Saccade analysis
Following each experimental session, off-line analyses of eye movements were conducted for each subject. Saccadic reaction times (SRTs) were computed as the delay between target onset/offset and the start of the first saccade with amplitude greater than 2°. Trials with reaction times less than 80 ms or greater than 800 ms, and those in which the first significant saccade began further than 2.89°from the fixation point were immediately discarded. All remaining trials were analyzed to determine the number of incorrect responses for the pro-saccade (saccades > 2°in the opposite direction of the target) and anti-saccade (saccades > 2°in the direction of the target) conditions.
As noted earlier, the critical measurements for the predictions in this study are SRT and correct responses. However, we also examined three other measures which may reveal a difference between onset and offset targets: amplitude, duration, and peak velocity. For these measures we employed more stringent criteria so that only relatively accurate saccades were compared. These ''valid trials'' consisted of saccades that ended at least 5.77°f rom the fixation point.
Results
The data from one subject in the white-on-black group and two subjects in the black-on-white group were not used in the analysis because of extremely low numbers of valid responses (<30% in any condition).
SRTs and incorrect trials
The mean SRTs of correct trials are shown in Panel A of Fig. 2 for both the white-on-black and black-on-white groups, with the percentage of incorrect responses shown in Panel A of Fig. 3 . Both of these measures were analyzed with a 2 (group: white-on-black or black-onwhite) · 2 (task: pro-saccade or anti-saccade) · 2 (target: onset or offset) analysis of variance (ANOVA). The SRT analysis produced main effects for task [F(1, 21) = 75.5, p < 0.001; pro-saccades=236 ms, anti-saccades=294 ms] and target [F(1, 21) = 92.0, p < 0.001; onset=235 ms, offset=294 ms]. The only significant interaction was task · target [F(1, 21) = 13.0, p < 0.003], with the SRT advantage for pro-saccades being greater with the onset targets than the offset targets.
Unlike the SRT analysis, the analysis of the percentage of incorrect responses only revealed a main effect for task [F(1, 21) = 31.8, p < 0.001] (see Panel A of Fig. 3 ). This occurred because more incorrect responses were made with anti-saccades (6.9%) than with pro-saccades (1.4%). No other main or interaction effect reached significance (Fs < 2.2, ps > 0.015).
Saccade metrics
All the measures in this section were analyzed with a 2 (group) · 2 (task) · 2 (target) ANOVA and appear in Table 1 . As noted earlier, the saccade duration, amplitude, and peak velocity were examined for only ''valid'' trials, where the responses were clearly directed at the correct target location and within a SRT window (these values are shown in Table 1 ). Analyzing the number of valid trials revealed only an interaction of task · target [F(1, 21) = 17.655, p < 0.001], with more valid trials for onset than offset targets with the pro-saccades and more valid trials for offset than onset trials with the anti-saccades. No main effects or other interaction effects were found (Fs < 2.3, ps > 0.14).
The analysis of saccade duration showed a main effect for task [F(1, 21) = 15.9, p < 0.002], with durations longer for anti-saccades than pro-saccades. In addition, there was a task · target interaction [F(1, 21) = 10.7, p < 0.005], with shorter duration saccades for offset over onset targets with the pro-saccades and the reverse for anti-saccades. There was also a trend for a group · target interaction [F(1, 21) = 4.0, p = .057]. No other main or interaction effects reached significance (Fs < 1).
Unlike duration, saccade amplitude did not vary amongst the various conditions as no main (Fs < 1) or interaction effects (Fs < 1.81, ps > 0.19) were found. Although peak velocity showed a main effect for task [F(1, 21) = 10.3, p < 0.005], no effect was found for target (p > 0.10). There was, however, a significant interaction of task by target [F(1, 21) = 78.1, p < 0.001]. The task effect showed greater peak velocities occurred in the prosaccade than anti-saccade tasks, and the interaction was caused by being faster to locations where targets were present (pro-saccade onset and anti-saccade offsets) than when targets were absent (anti-saccade onsets and prosaccade offsets).
Discussion
The main question addressed by the first experiment was whether it is the sudden appearance of new peripheral objects, or if instead changes in luminance are the critical factor in eliciting prepotent pro-saccades. Our baseline was the white-on-black-onset condition in which a white target stimulus would abruptly appear on a black background. Consistent with the literature, the pro-saccades in this condition were initiated more quickly, and more often to the correct target location, than were the anti-saccades. Having found the expected baseline pattern of results, the saccades from the other conditions can be compared against the white-onblack-onset condition.
The black-on-white-onset condition, in which black stimuli appeared on a white background showed an almost identical pattern of SRTs and errors to the white-on-black-onset condition. Thus the appearance of a new peripheral object, independent of changes of luminance, produces prepotent pro-saccades.
With regard to the offset conditions, the white-onblack-offset and black-on-white-offset conditions produced error rates similar to the white-on-black-onset (baseline) condition, but the pattern of SRTs differed. Although both offset conditions produced faster SRTs for pro-saccades than anti-saccades, the difference was much smaller (31 ms) than that found for the two onset conditions (85 ms). Moreover, the pro-saccade SRT for the offset conditions (280 ms) was almost identical to the anti-saccade SRT for the onset conditions (278 ms). Additionally, the almost 100 ms difference between onset and offset pro-saccades is similar to the difference reported for pro-saccades to onset and non-onset targets by Todd and Van Gelder (1979) . This is clear evidence that the rapid removal of an object from the visual field is not especially effective in generating reflexive saccades to peripheral locations.
Examining the metrics of the saccades provided relatively few differences between the conditions. Overall, saccade durations tend to be slightly shorter when a peripheral stimulus is present (i.e., anti-saccade offset and pro-saccade onset) than when the saccade is directed to an empty point in the visual field. This difference in duration is not linked to a corresponding difference in amplitude, suggesting that some corrective processes may occur while the eye is executing a saccade to a visual target. There was, however, a slight increase in peak velocity for the saccades made to visible targets.
Experiment 2
Although the results from the first experiment are straightforward, there exists a possible confound in the method used: at the time of saccadic programming for the onset condition, the appearance of the single peripheral object served as saccade goal for the pro-saccade and a distractor for the anti-saccade. With the offset condition, however, a peripheral object remained visible after the other object disappeared and the remaining object may have provided a saccade goal for the antisaccade and a distractor for the pro-saccade. Thus, the differences found in the first experiment may have been due to goal objects and distractor objects and not necessarily due to differences between onset and offset targets. To overcome this potential confound and determine if onsets and offsets really are the basis for differences in saccadic performance, a second experiment was conducted in which a single peripheral object was presented at the start of each trial, which was then either removed (offset trial), or complemented by the appearance of another object in the opposite visual field (onset target). In this experiment, the pro-and anti-saccades in the offset condition are both made to ''empty'' spatial locations while the pro-and anti-saccades in the onset condition are both made to visible objects. Thus, in the first experiment distractors might have been influencing the offset targets, in this experiment, any distractor effects would instead be influencing onset targets. If the SRT pattern which results is similar to that of Experiment 1, then goal and distractor effects can be discounted.
Methods
Subjects
Nineteen undergraduate students at the University of Toronto, between 18 and 38 years of age, either volunteered or received course credit for their participation. The subjects had normal or corrected-to-normal vision and were naïve to the purpose of the study. The subjects were randomly assigned to one of two groups (white-onblack or black-on-white).
Apparatus
The apparatus used was identical to Experiment 1.
Procedure
The procedure in the present experiment was very similar to the first experiment except for the initial display. In this experiment, the subject was presented at the beginning of every trial with a fixation point and a
ÔtargetÕ located either 12°to its left or 12°to its right. The subject was instructed to stare at the fixation point until either the existing target vanished, or the targetÕs complement appeared opposite it. In this case, then, depending on the task, the subject either made a prosaccade toward the location where the change occurred (the vanishing/appearing target) or an anti-saccade to the location opposite the change (see Fig. 1 ).
Saccade analysis
The analysis used was identical to that from Experiment 1.
Results
Four subjects were removed due to insufficient numbers of valid trials (<50% in any condition).
SRTs and incorrect trials
The mean SRTs of correct trials are shown in Panel B of Fig. 2 for both the white-on-black and black-on-white groups, as are the percentage of incorrect trials shown in Panel B of Fig. 3 . Analysis performed was identical to that of the first experiment: A 2 (group: white-on-black or black-on-white) · 2 (task: pro-saccade or anti-saccade) · 2 (target: onset or offset) analysis of variance (ANOVA). Significant variables in the second experiment were similar to those of the first--the SRT analysis produced main effects for task [F(1, 13) = 32.4, p < 0.001; pro-saccades = 262 ms, anti-saccades = 318 ms] and target [F(1, 13) = 16.8, p < 0.002; onset = 276 ms, offset = 304 ms]. No difference was found between subjects exposed to the white-on-black version of the experiments versus the black-on-white version (Fs < 2.0). The only significant interaction was found in task · target [F(1, 13) = 17.6, p < 0.002], in which the SRT advantage for pro-saccades was found to be greater with onset than offset targets.
Unlike Experiment 1, the analysis of the percentage of incorrect responses revealed effects for task [F(1, 13) = 40.4, p < 0.001; pro = 3.3%, anti = 13.7%] and target [F(1, 13) = 8.63, p < 0.05; onset = 10.4%, offset = 6.6%], along with a significant interaction of the two [F(1, 13) = 13.1, p < 0.005; pro-onset = 1.8%, pro-offset = 5.7%, anti-onset = 19%, anti-offset = 8.4%] (see Panel B of Fig. 3 ). No differences in this measure were found between the two groups (Fs < 1).
Saccade metrics
As in Experiment 1, all the measures in this section were analyzed with a 2 (group) · 2 (task) · 2 (target) AN-OVA and appear in Table 2 . As noted earlier, the saccade duration, amplitude, and peak velocity were examined for only ''valid'' trials, where the responses were clearly directed at the correct target location and within a SRT window (these values are shown in Table 1 ). Analyzing the number of valid trials revealed at most a trend toward more valid trials in onset trials (89.8%) than in offset trials (87.7%) [F(1, 13) = 4.3, p = 0.056] No other main effects or interactions were found (Fs < 2.0, ps > 0.018).
The analysis of saccade duration showed a main effect for target only [F(1, 13) = 8.0, p < 0.05], with durations longer for target offsets (55.0 ms) than target onsets (52.6 ms). There were no other main effects or interactions for this measure (Fs < 1.3).
As in Experiment 1, saccade amplitude did not vary amongst the various conditions: no main or interaction effects were found (Fs < 1.6, ps > 0.23).
Significance of peak velocity differed from Experiment 1--not only did it show main effects for task [F(1, 13) = 8.1, p < 0.05], but it also revealed main effects for target [F(1, 13) = 27.1, p < 0.001], and, interestingly, group [F(1, 13) = 12.9, p < 0.005], even if it did not produce any significant interactions between these variables (Fs < 2, ps > 0.24). Peak velocity tended to be higher for onset targets, for pro-saccade tasks, and for subjects in the white-on-black group.
Measures of absolute error revealed main effects for task [F(1, 13) = 61.4, p < 0.001] and target [F(1, 13) = 35.9, p < 0.001], though no interactions, save perhaps for a slight trend toward an interaction among task · target · exp (F(1, 13) = 2.9, p = 0.111). In general, subjectsÕ saccades were more accurate in pro-saccade and onset trials.
Overall, the results of this experiment were similar to those found in Experiment 1. As before, pro-saccades showed faster SRTs than anti-saccades, and this difference was greater for onset targets than offset targets. Furthermore, the direction of the change in luminance had little effect on the SRT gap between pro-and antisaccades, supporting the notion that any difference resides mostly in the appearance of new objects and not changes in luminance. Importantly, the presence (onset condition) or absence (offset condition) of a distractor opposite the saccadic endpoint location did not dramatically affect the patterns of SRTs.
Error rates, unlike SRTs, differed between the two experiments. In Experiment 2, many more errors were produced in the onset condition in the anti-saccade task than in any other condition. This likely arose from two sources, one being the typical inability to inhibit reflexive pro-saccades to onset targets, while the other is target confusion. Unlike most pro-and anti-saccade experiments, the target display in this experiment had a visible object both at the anti-saccade location and at the pro-saccade location. While inhibiting the reflexive saccade in the anti-saccade condition, there may have been additional confusion as to which location was the correct endpoint because both locations contained identical visual information. Thus, the presence or absence of a distractor might affect saccadic error rates in anti-saccade tasks while not affecting SRTs.
General discussion
Overall, the findings from the present two experiments suggests that while abrupt changes in luminance can produce prepotent pro-saccades (faster SRTs, fewer errors, higher peak velocity than anti-saccades) it is the appearance of new peripheral objects which plays a special role in generating reflexive pro-saccades, regardless of the direction of the luminance change. It is important to note that the reduced difference between pro-and anti-saccade reaction times in the offset conditions was due to longer SRTs with the pro-saccades and not shorter SRTs with the anti-saccades. Thus, the appearance and disappearance of peripheral objects tends to affect reflexive pro-saccades but not volitional antisaccades.
The finding that anti-saccade SRTs were similar between onset and offset conditions is consistent with recent work indicating that the slower SRTs found with anti-saccades is due to the time associated with the inhibition of reflexive pro-saccades (Olk & Kingstone, 2003; Sato & Schall, 2003) . Once reflexive saccade program- ming is initiated, the time needed to activate the oculomotor inhibition would be independent of the nature of the peripheral stimulus. Thus, anti-saccade SRTs should be unaffected by differences between increases and decreases of luminance of visual objects, and this was largely, but not entirely, found in the present study. ÔNot entirelyÕ, that is, because a small difference between anti-saccades in onset and offset conditions was found in Experiment 1 but not in Experiment 2. This difference may be due to some confusion as to the correct target in the anti-saccade onset condition of the second experiment as peripheral objects were present in both visual fields. Whereas the instantiation of oculomotor inhibition is independent of the visual stimulus, the planning and production of reflexive pro-saccades is not. Indeed, pro-saccades in the offset conditions were some 50-90 ms slower in the offset condition. This suggests that the ''reflexiveness'' of pro-saccades can be modified by the nature of the peripheral event. In this way, it may be better to conceptualize what is meant by ''prepotent'' or ''reflexive'' as a continuum rather than a discrete category. Consistent with the notion are findings by Doma and Hallett (1988) with high and low luminance onset targets. With the high luminance targets, they found the typical pattern of faster SRTs and fewer errors for pro-saccades than anti-saccades. However, with the low luminance targets, the SRT advantage for the prosaccades remained but the percentage of directional errors was virtually the same between the two saccade tasks. In much the same way the offset targets produced less reflexive pro-saccades than the onset targets in the present study, the low luminance targets produced less reflexive pro-saccades than the high luminance targets in the Doma and Hallett study.
It is also worth noting that the presence or absence of distractors in the non-saccade endpoint location had little effect on the pattern of SRTs between pro-and antisaccades. Thus, it appears that the appearance of new object is the critical factor in the present studies. This conclusion is consistent with work examining reflexive shifts of attention. As found by Yantis and Hillstrom (1994) , and Oonk and Abrams (1998) , the appearance of new objects, without changes in luminance, tends to capture attention. Moreover, recent work has shown that ''onset cues'' (appearance of a new peripheral object to which one does not respond) and ''offset cues'' (disappearance of an old peripheral object to which one does not respond) have similar attention capturing effects (e.g., Pratt & McAuliffe, 2001; Riggio, Bello, & Umiltà, 1998) save when the two cues are presented simultaneously at different locations--in this case, attention tends to be captured by onset cues (Pratt & Hirshhorn, 2003) . It seems likely that having very reflexive shifts of eyes and attention to abruptly appearing peripheral objects has evolved as an adaptive behavior to avoid potentially dangerous objects such as projectiles, predators, or surprise enemies. It is unlikely that a similar threat would be posed by objects that suddenly disappeared from the periphery. It thus seems likely that the oculomotor system is especially sensitive to peripheral onsets and that there is indeed a continuum of ''prepotentness.''
